SyStematic Review "agalsidase beta, " or "Fabrazyme" were searched and crossed with "switch, " "switching, " or "shortage. " We included all studies regardless of publication status (published, conference proceedings, or unpublished), study duration, and language.
Two reviewers independently inspected each reference identified by the search and applied inclusion criteria. For possibly relevant articles or in case of disagreement, we obtained and independently inspected the full article.
Eligibility criteria
Studies were included if they reported on outcomes after switching from agalsidase beta to agalsidase alfa in FD patients, and they were excluded if any of the following criteria applied: (i) duplicate publication; (ii) case report, case series, comments, expert opinions, editorials, or commentaries; (iii) studies that analyzed the same sample of a preexisting study; or (iv) lack of data on outcomes after switching therapy.
Data extraction
Two reviewers independently extracted data from the included studies and any discrepancy was resolved by consensus. We contacted all investigators of included studies for missing data.
Outcome measures
To quantify the clinical outcome, the following FD-related progression parameters were analyzed in the qualitative analysis.
Clinical events. These included (i) death; (ii) cardiac events such as symptomatic arrhythmia requiring implantation of an implantable cardioverter-defibrillator or pacemaker, myocardial infarction, coronary artery bypass graft, or percutaneous transluminal coronary angioplasty; (iii) renal events such as progression of chronic kidney disease (CKD) to stage 5, i.e., estimated glomerular filtration rate (eGFR) <15 ml/min per 1.73 m 2 (with decrease of eGFR ≥30%) necessitating kidney transplantation or dialysis; and (iv) neurologic events such as stroke or transient ischemic attack.
Changes in organ function or structure. Modifications of organ function were investigated at the cardiac, renal, and neurologic levels. Cardiac changes were evaluated by echocardiographic data (such as thickness of cardiac structures, left ventricular volume, measures of systolic and diastolic function, heart rate), electrocardiographic data, and magnetic resonance imaging parameters. Renal function was evaluated by changes in eGFR and in urine albumin-to-creatinine ratio (UACr) in spot samples. Neurologic changes were determined on the basis of clinical examination, interview regarding stroke or stroke-like symptoms, and quantitative sensory testing for cold detection threshold assessment.
Changes in FD-related symptoms and questionnaires.
These symptoms included gastrointestinal pain; diarrhea; hypohidrosis or anhidrosis; tinnitus; acroparesthesia, chronic   pain, and pain crises, as assessed by the Graded Chronic Pain  Score and the Neuropathic Pain Symptom Inventory score,  the Brief Pain Inventory questionnaire,  12 and the McGill  pain questionnaire; 13 fatigue; the Mainz Severity Score Index (MSSI); 14 and quality of life (QoL) as determined by the Short Form 36 (SF-36) 15 or Euro-Qol dimensions. 16 Adverse effects. The adverse effects (AES) considered were dyspnea, hypertension, gastrointestinal symptoms, rigors, temperature change sensation, fever, headache, rhinitis, flushing, pruritus, and antibody formation.
Quantitative data analysis and synthesis
The parameters evaluated in the quantitative analysis were eGFR, UACr, left ventricular mass index (LVMI), left ventricular posterior wall dimension (LVPWD), and ejection fraction (EF). Statistical analyses were performed according to the statistical guidelines developed by The Cochrane Collaboration and published in the Cochrane Handbook for Systematic Reviews of Interventions. 17 For each study, the mean variation with 95% confidence interval (CI) was computed. When not directly available, the standard error of the mean difference was estimated from the reported variances of baseline and final values or from the available individual patient data (G3Data Graph Analyzer, version 1.5.3). Overall estimates were computed with a fixed-effect model or random-effects model depending on whether the amount of heterogeneity was low (i.e., I 2 <50%) or moderate to high (I 2 >50%). Random-effects model meta-regression analyses were also performed to examine the effect of the duration of the agalsidase alfa regimen after the switch on the outcomes. Incidence of major adverse effects was meta-analyzed by using a randomeffects Poisson regression, as described by Bagos. 18 All analyses were performed with R statistical version 2.15.0. The significance level for the overall estimates of effect was set at P < 0.05.
Units
Values for the following parameters are given throughout in the first unit listed and may be converted for the second unit by multiplying by the conversion factor provided: UACr mg/g to g/g, 0.001; mg/mmol to g/g, 0.0084.
RESULTS
The literature search identified 86 publications regarding treatment switching in FD patients; of them, only 56 were potentially eligible publications because the remaining 30 represented duplicate records. Following the exclusion reasons reported in Figure 1 , only 9 studies fulfilled our search strategy and were included in the qualitative synthesis; [19] [20] [21] [22] [23] [24] [25] [26] [27] however, two of these lacked detailed statistical methods 26, 27 and were excluded from the meta-analysis that, accordingly, consisted of 7 studies. [19] [20] [21] [22] [23] [24] [25] The study by Lenders 22 includes the results of the same patients described by Weidemann 28 after a longer follow-up (2 years vs. 1 year); accordingly, the data by Weidemann were not considered in the quantitative analysis, with the exclusion of those data not reported by Lenders.
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Qualitative synthesis
The studies of qualitative analysis reported data regarding an overall population of 217 FD patients. Table 1 summarizes the main characteristics of the included publications. Wide variability was found between the studies regarding the characteristics of participants, length of treatment period, and measured outcomes. Most of data from the study by Smid 20 were not considered in such analyses, although they were reported by the authors because they represent a pool of data from patients treated with halved doses of agalsidase beta for 6 months before the shift to agalsidase alfa.
Clinical events. Six studies explored this outcome. [20] [21] [22] [23] 25, 27 Eight clinical events occurred in 154 patients after the switch (5.2%) during a median follow-up period of 24 months.
Of these, two were reported by Goker-Alpan (2.8% of his patients) and included one death caused by cardiac arrest and a case of transient ischemic attack. 25 A case of atrial fibrillation was described by Tsuboi (9.1% of patients), 21 and two additional, although not specified, events were observed by Smid (10% of patients). 20 Lenders observed three clinical events (8.1% of patients): one case of end-stage renal disease with hemodialysis, one transient ischemic attack/stroke, and the implantation of a pacemaker/cardioverter-defibrillator. 22 In the last two publications, 23, 27 no clinical event was reported.
Changes in organ function or structure. These changes were categorized as cardiac, renal, and neurologic. Seven publications reported cardiac modifications after the switch (19-23, 25, 26 ; n = 158 patients); data from Smid's study 20 could not be evaluated because the results were reported as pooled data that included patients immediately switched to agalsidase alfa at time of β shortage and those remaining on halved agalsidase beta doses. Data were quite heterogeneous; indeed, septal wall thickness significantly improved in one study, 21 was unchanged in another, 22 and was significantly worsened after switch in another. 26 Similarly, a significant improvement in LVMI occurred in two studies, 19, 21 but no change was reported in the remaining ones. 23, 25, 26 No difference was described in midwall fractional shortening, 25 EF, 22, 23 and LVPWD. 23 , 26 Tsuboi observed a significant improvement in LVPWD (P = 0.00236) and worsening in EF (P = 0.0340) 3 years after the switch. 21 Notably, no change in electrocardiogram parameters was reported in two studies. 21, 22 Renal function after the switch was evaluated in all studies; [19] [20] [21] [22] [23] [24] [25] [26] [27] however, as for cardiac changes, data found by Smid 20 were not considered. No change was reported in seven studies for UACr 19, [21] [22] [23] [24] [25] [26] because data from Reidt's study 27 were not available, and no change was reported for eGFR. 19, 21, [23] [24] [25] [26] [27] Interestingly, Lenders 22 evaluated eGFR using three different CKD-EPI formulas based on creatinine and cystatine C: (i) creatinine-based (eGFR creat ); (ii) cystatine C-based (eGFR cys ); and (iii) creatinine/cystatine C-based (eGFR creat-cys ). Although eGFR creat remained stable during the 2-year follow-up period, both eGFR cys and eGFR creat-cys values decreased significantly over time after the shift (P < 0.01).
Neurologic changes were reported in only one study, 22 but the authors did not describe significant changes in any of the evaluations performed.
Change in FD-related symptoms. Four studies reported on MSSI. 19, 21, 22, 26 No change was described after switching in two studies (21, 26 ; n = 37 patients). Lin reported stability of the disease at 12 months, with mild improvements in cardiac or renal scores for three out of nine patients and a slight deterioration in general score for one patient. 19 Worsened MSSI, conversely, was observed by Lenders (P = 0.001, n = 37 patients). 22 Four studies reported on pain. [20] [21] [22] [23] Also, for pain, the effects of switch could not be evaluated in the study by Smid; 20 the remaining three studies showed no difference in pain severity after the switch. [21] [22] [23] Moreover, Lenders reported that patients with switched treatment had less frequent pain attacks compared to patients using agalsidase beta, although they developed greater gastrointestinal pain. 22 Three studies reported changes in QoL, 20, 21, 23 with no significant modifications in the different scales of QoL before and after switching. -Case studies (n = 4) [32] [33] [34] [35] -Editorials (n = 1) 36 -Commentaries (n = 1) 37 -Same samples of a pre-existing study (n = 4) 28, [38] [39] [40] Studies included in qualitative synthesis (n = 9) [19] [20] [21] [22] [23] [24] [25] [26] [27] Full-text articles excluded for data not available (n = 2) 26, 27 Studies included in quantitative synthesis (meta-analysis) (n = 7) [19] [20] [21] [22] [23] [24] [25] Records excluded (did not reach inclusion criteria) (n = 34)
Records identified (n = 86)
SyStematic Review
Only Lenders reported that changes in other symptoms such as diarrhea, tinnitus, and ability to sweat were not detected after the switch. 22 Change in lyso-Gb3 plasma concentration. Four studies reported on this outcome. [19] [20] [21] 25 In two publications, plasma lysoGb3 levels gradually decreased during treatment with agalsidase beta, and no significant difference was observed after the switch. 19, 21 Similarly, Goker-Alpan did not report changes after the switch. 25 By contrast, Smid et al. 20 reported an increase in lyso-Gb3 in male patients switched to agalsidase alfa after 1 year of shortage (median increase: 8.1 nmol/l; range: 2.5-29.2); however, all patients with switched treatment and an available lyso-Gb3 value underwent a 6-month dose reduction to 25% of the initial dose of agalsidase beta before the shift.
Adverse effects. Five studies (n = 121 patients) reported on this outcome.
19-21,23,25 A total of 30 patients experienced at least one AE after the switch (24.8% of patients). Pisani 23 reported infusion adverse reactions in six patients (54.5% of patients), which consisted of rigors, fever, nausea, headache, vomiting, rhinitis, flushing, or pruritus. Most infusion adverse reactions were assessed as mild and decreased over time. No AE was observed by Tsuboi 21 after switching; however, one male patient who developed antibodies against agalsidase beta and experienced worsening of allergic rhinitis during the infusions recovered after the switch. Smid 20 reported one possible/ probable infusion adverse reaction consisting of infusionrelated vomiting, asthenia, chills, and increased blood pressure that resolved without sequelae. In the study by Lin, 19 two patients presented hypersensitivity reactions after the switch (22.2% of patients), which were represented by breath shortness, pruritus, and fever in the first patient and an itchy, red plaque on the limbs and diarrhea in the second patient. However, in both patients similar AE had already occurred during agalsidase beta treatment. Finally, Goker-Alpan 25 reported 
Meta-analysis results
After the screening, seven studies were included in the final meta-analysis [19] [20] [21] [22] [23] [24] [25] (n = 176 patients), although some of them did not report information about all the investigated outcomes. This analysis also included the data of LVMI, LVPWD, EF, and UACr from Weidemann's study, 28 which were not reported by Lenders 22 in his 2-year follow-up of the same patients. All the studies included in the meta-analysis reported the values of eGFR. [19] [20] [21] [22] [23] [24] [25] Analysis of these data showed that the switch determined no significant modifications in GFR at the end of follow-up (mean change from baseline: −0.52 ml/ min/1.73 m 2 ; 95% CI: −3.22 to +2.19; P value from the random-effects model = 0.708) (Figure 2 ). We performed a sensitivity analysis and removed from that analysis the study of Tsuboi, 21 which showed an outlying effect size. When this study was excluded there was no more evidence of statistical heterogeneity (I 2 = 0%), but the random-effects model yielded comparable results (mean change from baseline: −1.37 ml/ min/1.73 m 2 ; 95% CI: −3.53 to +0.80; P value from the random-effects model = 0.216). Duration of follow-up did not affect the variations in eGFR, as evidenced by meta-regression analysis (P = 0.356).
Six studies (n = 159 patients) reported information on LVMI. (Figure 3) . No effect of duration of follow-up on LVMI variation was observed by meta-regression (P = 0.623). Table 2 reported the summary estimates of mean changes from baseline for LVPWD, EF, and UACr in three studies including 59 patients. 21, 23, 28 A significant decrease was observed in LVPWD (mean change from baseline: −0.69 mm, P < 0.001) and also in EF (mean change from baseline: −3.51%, P = 0.023) Figure 3 Changes from baseline in LVMI in patients switched from agalsidase beta to agalsidase alfa*. *Data from the Goker-Aplan study were obtained by graphical extraction (GraphClick software) that allowed determination of the changes from baseline (and 95% CI) in absence of raw data (n.a.). Increase Reduction after the switch, but the UACr ratio did not change, in agreement with eGFR data.
DISCUSSION
Following the agalsidase beta shortage in 2009, a considerable number of patients with FD were switched to agalsidase alfa. This allowed the opportunity to compare, although indirectly, the two drugs through the evaluation of clinical modifications or adverse events that occurred after the switch. In fact, although the effects of both treatments have been extensively described in the literature, the possibilities to compare the two drugs were limited and inconclusive. This is not surprising because the studies on FD are observational and include few nonrandomized patients with short follow-up times, as typically occurs in "rare" diseases, and their data often do not allow for evidence changes in organ function or in disease-related symptoms. Therefore, any conclusion about the effects of the switch from individual studies is inconsistent.
To overcome these limits, we performed a meta-analysis that included a complete review of the literature and whose primary objective was to evaluate the safety and tolerability of agalsidase alfa in FD patients previously treated with agalsidase beta.
The data of the present study support the conclusion that agalsidase alfa does not worsen renal and cardiac function or FD-related symptoms, at least in the short term.
As the first step, we performed a qualitative evaluation of the typical manifestations of FD occurring with both drugs (Table 1 ) and involving nine studies and 218 patients, which clearly suggested that there was no apparent change after the shift at the renal or cardiac level, with just a few exceptions.
Interestingly, the incidence of clinical events was definitely low with agalsidase alfa treatment (0.04 events per personyear; 95% CI: 0.01 to 0.19). Moreover, two events described by Smid occurred in patients previously treated with halved doses of agalsidase beta before the shift, 20 so it is not clear whether their onset should be ascribed to such reduction or to a presumed lower efficacy of agalsidase alfa. This latter study, 20 however, deserves attention because it compares the incidence of clinical events/year/person from the start of agalsidase beta treatment during the halved doses at the time of shortage and after the shift to agalsidase-α. Notably, Smid showed that there was no statistical difference in the number of clinical events that occurred with agalsidase alfa (n = 2) compared to those observed during the reduced agalsidase beta dose (n = 5) (P = 0.11); there was no statistical difference in the number of clinical events that occurred with full-dose agalsidase beta with a similar follow-up period (males: P = 0.25; females: P = 0.14).
The low number of clinical events, described in all the studies, is even more important considering that in FD their incidence increases with time following the natural progression of the disease that occurs even despite therapy. Moreover, the EMA report 9 warned about a possible accelerated course of FD and increased incidence of AE following agalsidase-β dose reductions or switch to agalsidase-α. This statement created deep concern in patients and physicians and led to an overestimation of events and AEs (the so-called "switch effect").
Similar conclusions may be drawn for renal and cardiac functions. All studies examining renal function strongly agreed regarding the stability of eGFR and UACr after the shift, with one exception, 22 and showed a significant decrease over time in eGFR (P < 0.05 vs. baseline) in both groups with reduced agalsidase-β doses and agalsidase alfa treatments when renal function was calculated by two formulas measuring cystatine and cystatine plus creatinine. 22 However, it is noteworthy that when eGFR was measured by creatinine (CKD-EPI), no significant change was observed compared to baseline in any group during the follow-up.
Data regarding cardiac function demonstrated clear stability in most of the examined parameters; in particular, all the studies showed that LVMI did not change or even modestly improved after the shift.
19,21 West 26 reported a negative impact of α-agalsidase on septal wall thickness (6.4% increase, P < 0.03 vs. baseline); however, it was not confirmed by two further studies. 19, 21 All the remaining data on cardiac parameters, like LVPWD, midwall fractional shortening, and EF, were quite uniform and showed steadiness over time. Also, the negative data reported by Tsuboi, who described significant worsening in EF after the shift (P = 0.0340), must be correctly interpreted because EF largely remained within the range of normality after the shift (mean: 65.8%). 21 Although it is questionable to evaluate clinical deterioration on the basis of subjective criteria, most of the questionnaires describing FD symptoms remain largely subjective. Nevertheless, despite the worries induced by the EMA report, MSSI score, referred pain, QoL, and other FD-related symptoms remained stable in most studies, with the only exception being the study by Lenders, who described worsening of MSSI score counterbalanced by a reduction of pain attacks frequencies. 22 Therefore, for subjective symptoms, it seems that no peculiar difference exists between the two treatments.
An objective measure of disease progression, conversely, is represented by the changes in plasma lyso-Gb3 levels. Only Smid showed a significant increase in lyso-Gb3 levels in male patients whose treatment was switched to agalsidase alfa at the end of follow-up (1.3 years) compared to baseline. 20 As observed for clinical events, however, the authors emphasize that all patients with switched treatment and an available lyso-Gb3 value were previously treated with reduced doses of agalsidase beta. Therefore, this recurrence in disease activity (with no correlation with clinical events during the follow-up period) could The data of the meta-analysis, involving 176 patients from seven studies, overlap the observations of the "qualitative" analysis of the single studies, thus showing that there is no evidence that treatment with agalsidase alfa negatively influences the progression of FD, at least in the short term.
Meta-analysis, in fact, confirmed the stability of renal function (evaluated by eGFR or UACr) over time and the steadiness of cardiac parameters despite the small improvements in LVMI and LVPWD and the slight worsening in EF; however, although the differences after the shift in both of these latter data reached statistical significance, they seem to have little (if any) clinical impact on heart function but strengthen the concept that agalsidase alfa is safe at the cardiac level.
The limits of the present study are the same as those reported in the single studies, including the low number of patients, the short observation period (only 11 patients had a 3-year follow-up!), the heterogeneity of the study population, and, in particular, the low number of clinical events that demonstrate the slow progression of the disease with enzyme replacement therapy, thus reflecting the intrinsic nature of rare genetic diseases. We therefore cannot exclude the possibility that the incidence of clinical events or symptoms may increase over a longer observation period, nor can we understand the degree to which the incidence of adverse events is conditioned by the baseline conditions of the single patients or by the duration of the disease and patients' age (both increased during the follow-up).
In conclusion, the findings of the present study confirm that the switch to agalsidase alfa is safe in terms of side effects. Although the data from the meta-analysis show that the use of agalsidase alfa is associated with steady levels of GFR and minor, although significant, improvements in cardiac function, the heterogeneity of data and, most importantly, the short follow-up period do not enable us to determine whether clinical stability and efficacy are maintained in the long term. New data collected after prolonged follow-up periods are warranted to definitively demonstrate the comparable effects of the two drugs.
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